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DATE: June 28, 2001

TO: National Aeronautics and Space Administration

Attn: Dr. James Dodge

Office of Mission to Planet Earth

Science Division, Code YS

NASA Headquarters

300 E Street SW

Washington, D.C., 20546

FROM: Dr. James J. Simpson

Head, Digital Image Analysis Laboratory

University of California, San Diego

9500 Gilman Drive, Mail Stop 0237

Scripps Institution of Oceanography

La Jolla, CA 92093-0237

j simpson @ uc sd.edu

SUBJECT: Final Report for "Validating the Usefulness of Combined Japanese GMS Data for

Long-Term Global Change Studies" NASA Grant #NAG5-6135.

PRINCIPAL INVESTIGATOR: Dr. James J. Simpson

PERFORMANCE PERIOD: 10/1/97- 6/30/01

TOTAL BUDGET: $485,000

The primary objectives of the GMS-5 Pathfinder Project were: 1) to evaiuate GMS-5 data

for sources of error and develop methods for minimizing any such errors in GMS-5 data; 2)

prepare a GMS-5 Pathfinder data set for the GMS-5 Pathfinder Benchmark Period (1 July 95- 30

June 96); and 3) show the usefulness of the improved Pathfinder data set in at least one

geophysical application. All objectives were met.

A. ACCOMPLISHMENTS

The following tasks were accomplished during the performance period: Full spatial

resolution data and data products are discussed below. GMS Pathfinder is focused on full

resolution products.

1. The data exchange procedure for GMS data (GMS-4, GMS-5) between the Australian
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Bureauof Meteorology(B o M) andtheUniversityof California, SanDiego's Digital
ImageAnalysisLaboratory(UCSD/DIAL) wascompleted.Full resolution,full discGMS
passeswerereceivedfor threehourlyperiodsfor all daysduring theBenchmarkPeriod.In
addition,all daily passes(24hourday) for aselectedtwo monthperiodwerereceivedfrom
theB o M. The approximatesizeof eachGMSfull disc (all bands)is about500MB. The
totalvolumeof rawGMSdatafor ingestinto theGMSPathfinderprocessingstream
exceeded2 GB.

. Stage I and Stage 2 processing were designed, implemented, tested and executed on all

GMS data received from B o M. Stage 1 processing consists of the following: 1) ingest of

GMS data stream in B o M format and conversion to VIFF format for easy use in a UNIX

workstation environment; and 2) validation of data (GMT time, file structure, etc...) against

inventory files supplied by B o M. Details of the Stage 1 and Stage 2 processing were given

in prior progress reports and are not repeated here.

, Stage 3 processing was completed on all data which satisfied the Stage 1 and Stage 2 data

quality/inventory control checks. Approximately 98% of the data passed these tests and

were passed on to Stage 3 processing. Stage 3 processing performed the following tasks:

a. extraction of visible, water vapor, and infrared (2 channels) data were performed

from the GMS-5 disc. The geographical area for the GMS-5 Pathfinder study

contains the entire Australian mainland, Tasmania and surrounding seas. The

geographical coordinates which bound the area are: (6S, 110E; 48S, 54E; 5S, 154E;

51S, 165E).

b. space counts were determined for each scene from the corners of the full disc.

c. the entire region was divided into 9 sub-regions, each 1000 x 1200 pixels, for

efficient processing on UNIX workstations.

d. geolocation was performed on each of the subsections.

e. checks for invalid lines, drop-outs, etc..., were performed on each of the

subsections.

f. coastlines were created for each subsection and matched against coasts in the image

data to quantify navigational accuracy.

g. a procedure to remap the lower resolution water vapor and IR data to the higher

spatial resolution visible data was implemented, tested and validated. Then, it was

applied to all IR and water vapor data in the data set.

. Both GMS-4 and GMS-5 data were examined for sources of noise which could adversely

affect the use of the data in both operational weather forecasting and scientific applications.

GMS-4/GMS-5 data have stripes and speckled noise. In fact, a new form of x-striped noise,

not previously observed in other geostationary satellite data, was detected in the GMS-5
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data. This noise appears to be associated with the VISSR -> SVISSR transformations

performed by JMA. The noise also is time-varying and strongly suggests that JMA is

modifying its VISSR -> SVISSR transformations at random times throughout the GMS

Pathfinder Benchmark period. Procedures were developed to reduce the noise in these data

while simultaneously minimizing any image distortion introduced into the filtered image.

Figure 1 provides an example of the new methods applied to GMS-5 data over a random

location in the full disc. A scientific publication resulted from this subtask (Simpson, Stitt

and Leath, 1998).
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Figure 1: Random GMS-5 visible subsection: a) raw data with stripes; b) destriped data using

the new adaptive procedure of Simpson, Stitt, and Leath (1998) and c) spectral results

before and after destriping. Both column and row spectra are shown because GMS-5,

unlike GOES, has stripes in both dimensions.

. An overview paper describing the entire GMS-5 Pathfinder project was produced:

Simpson, J. J., J. F. LeMarshall, J. Kingwell, A. B. Neal and D. C. Griersmith, (1998),

The GMS Pathfinder Project. Australian Meteorological Magazine, 47: 225-235.

. A theoretical basis, using radiative transfer modelling done at Scripps, was combined with

an empirical approach done at B o M to provide a calibration/stability check for the visible

data taken by the VISSR instrument of GMS-5. The stability of the calibration was

evaluated for the entire Pathfinder Benchmark period. A scientific paper resulted from this

subtask (LeMarshall et. al, 1998).

o Cloud detection procedures for use with GMS data over both land and ocean, based on our

prior GOES Pathfinder work, were developed. An example scene over the GMS-5

Pathfinder Benchmark Region is given in Figure 2. A cloud variability study currently is in

progress (Simpson et. al, 2001). It will be completed shortly (in cooperation with Dr. John

LeMarshall, B o M, Melbourne). Example of validation with in situ data at a selected

Australian B o M site is shown in Figure 3.

Figure 2: a) GMS-5 scene (visible) over the GMS-5 Benchmark Region; b) thermal data; c) an intermediate spatial

statistical variable and d) prototype ocean cloud mask (yellow overlay) and land cloud mask (yellow overlay) based
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on prior cloud detection studies done as part of GOES Pathfinder.
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Figure 3: Comparison between GMS-5 derived cloud cover and in situ data from the B o M site

Wiluna for the entire Pathfinder period. The two agree very well in the limit of completely

cloudy or completely clear skies. Agreement also is good for partially cloudy conditions

but differences in the two methods of cloud estimation (satellite, in situ) make end limits

better means of validation (i.e., issues about different length scales resolved by the two

measurements are moot).

. Hardware and software systems were upgraded to handle the GMS-5 Stage 1-Stage 3

processing requirements.

. The stage four final data set processing software and shell scripts were developed, tested

and validated. They were used to produced the basic Pathfinder Dataset.

10. Dr. Simpson and two of his staff delivered the basic Pathfinder GMS-5 dataset to B o M

in November, 2000. Classes were conducted for B o M personnel to: a) familiarize them

with the data structure; b) show B o M personnel how to use basic utilities for manipulation

of the data set; and c) provide theoretical background on some of the GMS-5 Pathfinder

processing steps (see Appendix for letter from Dr. David Griersmith, Superintendent

Satellite Section, Australian Bureau of Meteorology commenting to Dr. Charlie Kennel,

Director of Scripps, on the success of this endeavor).
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11. A serious deficiency in the spectral response function of the GMS-5 11 and 12 lxm

channels was detected (Figure 4). A co-location, near-nadir viewing cross calibration

technique, using ATSR-2 as the standard, was developed in cooperation with Drs. C.

Merchant and A. Harris of the United Kingdom. A manuscript is near ready for submission

(Merchant et. al, 2001).
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Figure 4: Spectral response functions of GMS-5 and ATSR-2 11 and 12 I.tm channels. Note

overlap in the GMS-5 channels compared to that of ATSR-2 thermal channels. This is a

serious source of error in geophysical retrievals using GMS-5 11 and 12_tm data.

12. Application of the new calibration procedure to the tropical Indo Pacific was tested. We

have successfully developed a co-located, near-nadir viewing cross-calibration (GMS-5

against ATSR-2), with ATSR-2 taken as the independent standard. Results are quite

acceptable. A manuscript (Merchant et. al, 2001) is nearly ready for submission.

Figure 5 shows a comparison between our result, using the new re-calibrated/corrected and

newly derived SST retrieval equation, and a mean Reynold's SST analysis for the same

period in 1997. Our new analysis successfully identifies regions of equatorial upwelling

observed in independent long-term mean CZCS data for the period (note CZCS data not

actually available in 1997) shown below and in SeaWIFS data (for 1998 but not displayed).

Upwelling zones do not appear as strong features in the Reynolds analysis. We hope to do a
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(a)

diurnal SST variability study of the Indo Pacific region with GMS-5 data. More about this

later.
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Figure 5: a) GMS-5 analysis for the period cited based on ATSR-2 cross calibration procedure;

b) Reynolds SST analysis for the same period; c) Histogram distributions of data in panels a and

b. (d, e) Phytoplankton distributions showing upwelling zones from historical CZCS data

B. AUSTRALIAN INTERACTIONS

. Dr. J. Simpson visited Australia in October, 1997 to: a) attend the 3rd Scientific Working

Group meeting; b) attend the GMS Executive Committee meeting; c) develop with B o M

and CSIRO personnel the data distribution policy for the GMS-5 Pathfinder dataset; and d)

work with Australian scientists on various aspects of the GMS-5 calibration.

. At the request of the Chinese government, Dr. Simpson visited China in May 1997

(Chinese government paid all travel related expenses) to establish agreements on use and

analysis of FY-2 geostationary data. China has expressed interest in the use of some GMS-

5 Pathfinder analysis methods for FY-2 data.

. Dr. Simpson worked with personnel from the Australian Bureau of Meteorology and

BMRC while in Australia. Extensive collaboration continuously via phone, fax and email.
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. Dr. Simpson visited Australia in May 1998 to continue all the activities cited under B. 1

above.

5. Dr. J. LeMarshall (B o M/BMRC) visited Scripps for a second time in July/August of 1998.

. Dr. Simpson and staff delivered the GMS-5 dataset and conducted classes on it for B o M

personnel in November, 2000.

C. PUBLICATIONS

1. The GMS Pathfinder Project, 1998: J.J. Simpson, J.F. LeMarshall, J. Kingwell and B. Neal,

Austr. Meteor. Mag., 47: 225-235.

2. Improved Finite Impulse Response Filter for Improved Destriping of Geostationary

Satellite Data, 1998: J.J. Simpson, J.R. Stitt, and D. Leath, Remote Sens. Environ., 66, 235-

249.

3. Satellite Calibration Using a Collocated Nadir Observation Technique: Theoretical Basis

and Application to the GMS-5 Pathfinder Benchmark Period, 1999: J.F. LeMarshall, J.J.

Simpson and Z. Jin, IEEE Trans. Geosci. and Remote Sens., 37: 499-507.

4. Cloud Variability over Australia during the GMS-5 Pathfinder Study Period. J.J. Simpson,

J.F. LeMarshall and A. Schmidt, work in progress.

5. A Cross-Calibration of GMS-5 Thermal Channels Against ATSR-2, 2001: C.J. Merchant,

J.J. Simpson, A.R. Harris. In final internal review prior to submission.
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APPENDIX

( _rY

Bureau of MeteorologyDepartment of the Environment, Sport and Territories
] IEAD OFFICE: 150 Lonadale St., Melbourne, Victoria, A_tsiralia

POSTAL ADDRESS: GPO Box 1289K, Melbourne, Vic., Australia 3(_1

file: 30/3438

Dr Charl¢_ F. Kennel

Director. Scripps [n_ti_ition of Oceanography
9500 Gilman Drive, MS - 0210

I.!nives_ity of California. San Dicgo
l.a Joll_ CA 92093-0210

USA

Dcm Dr Kmn¢l

am vcriC.ing to you in rclI_i_ to a mc.cmt visit to the Bm'cau of Meteorology by Dr

Simpson and two of his staffconcemtng file intea_mt/onal GMS Psthfinder Project. I am the

Bureau's national manager fen satellite ac_vities and my area waa host for tbe visit. We have

been involved in the Pathfinder Project for many years now and have been tlwilled to se_ the

Projec! unfold and produce numy valuable fsd31icali<ms and insights into GMS data and its

Dla'in 8 the vhtit, [:h' Sirapton lind his re.Ira1 a&_isted the Btm_a nf Metetw_dogy via rssks

including the foltowing:

* provision of the extcm/v¢ OMS Pathfindez dala s¢_ and detailed descriptions to _.nmble

©fficicmt _ ha_lling and ae.ca_;

- provision of so_%_t_re tools to e_ee_ the data iacluding quality conrrotg;

* provi_m of _ infotff_ion concerning the GMS calibration, its accuracy and

improvement - thL_ ks very important in use of GMS data and generation of for',h_

products like SSTs. volcanic ash and so wa.

You may be aware that GMS data is the most important type of satdlite data u.,_l by the

Bunmu of M_eomlogy in its xa'vlc_ r_earr.h and climate studies The Burtau is II_mfm,e

hoping thst in time it will be able to build on the _mdts _lf the aiMS Pathfiraler Pvc_e¢t by

generating further high quality dalasets like the GMS Pathfinder dat&_¢, and imph:men6ng
new systems to generate data of greater tccuracy and operational m_d reseer_h utility. Also

the Japan Metctm)log/cal Ag_[Icy wi{fi whom the Durcau has cxtrcm.¢{y close tiesuoder the

mnbrella oft Treaty level _mtat, baut been closely monitoring p_sress wlth the Project

hecau_ of its impact on pol(mfiJd ma_or improvemenls to Japan's use ofGM.g dat_ and e_ a

broider level, its g¢oxlafionary m¢_omtogical satellite program.

L_ $impatm and his team have helped tts greatly with the Pa_findtr _roject and on

behalf of the Satellite Seotlon sod the Bureau I would like to thank you and you_ h-.._litution

foe youx mq0_ort mid mo_ vahmble collaboration. Dr Simpl_'s visit has been perl of an

ongoing pro)eta of msj_r imlmrtanc© to tim Bureau's satellite activities and R has boon s

plea.strrr: to act as hosl iv him and his team. Hi_ mRsta_lJng wodd-class research excellence

and the very high skills of hi4 staff do ileal crtdh to yore Institution.

Once alaha thank yo_ to y_m cad your st_f, espe_ally Dr Simpm_ _md his team.

(Dr) D,v_

Sal_,.int_lem , S_ldliks_

(copy to: 13¢James J. Simixam

tt_ Oilil Ira_ Aai,_a,

U_lve_say of _ Sin Dingo

95OO Gilman 1_. MS O237 .

La Jolla, CA 92O93

UgA)
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